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DEVICE FOR CONTROLLING PROPULSIVE JET MIXING FOR AIRCRAFT JET ENGINES 
Related Application 

[0001] This is a continuation of International Application No. PCT/FR02/03212, with an 

international filing date of September 19, 2002 (WO 03/025377, published March 27, 2003), 
which is based on French Patent Application No. 01/121 13, filed September 19, 2001. 

Field of the Invention 

[0002] This invention pertains to the field of aircraft jet engines, especially devices for 

reducing noise generated by jet engines of civil transport aircraft, vectorization in the case of 
military aircraft or an increase in lift in the case of civil transport aircraft, as well as a decrease in 
the infi-ared signature for military aircraft. 

Backgroxmd 

[0003] Noise generated by an aircraft when taking off stems principally from its jet 

engine and the "jet" flowing out of it. This is particularly true for aircraft whose jet engines do 
not have very high dilution levels, as is notably the case with supersonic transport aircraft. In the 
case of military aircraft, vectorization is sought to augment the lateral or vertical efforts. 
Augmentation of lift in civil transport can also be envisaged to reduce, e.g., take-off distances. 
[0004] Known in the prior art are passive methods consisting of a modification of the 

geometry of the lip of the jet to be manipulated. These devices, such as lobe mixers and 
miniature flaps, are nevertheless very difficult to add to and remove from a variable cycle engine. 
[0005] Among the active mixing control methods suitable for supersonic jets, there are 

pneumatic or mechanical actuators. However, since the region of maximal receptivity is located 



at the discharge Hp of the jet, the characteristic scales of flow are therefore very small and at very 
high frequencies. These constraints, added to the fact that the area involved is difficult to access 
in the case of commercial aircraft jet engines, make such jet control devices poorly suitable for in 
situ installation. 

[0006] Also known in the prior art is a nozzle cut in a zigzag manner which is intended to 

mix the hot flux and the cold flux to reduce noise. Although such a system has the advantage of 
not increasing the weight of the engine, it nevertheless has the drawback of not adapting to 
different operating regimes or modes (vectorization, infrared signature, noise). 
[0007] It would therefore be advantageous to resolve these drawbacks of the prior art by 

providing a device for controlling the mixing of the jets by controlling separation of the primary 
jet generated by abrupt divergence of the walls of the nozzle, thereby using control of the 
separations as a method for excitation of the mixing layers. 

Summary of the Invention 

[0008] This invention relates to a device for controlling propulsive gas mixing at an 

outlet of an aircraft jet engine, wherein propulsive jets are composed of a hot primary jet exiting 
from a nozzle of the jet engine and a secondary flux flowing between an external wall of the 
nozzle and an intemal wall of the jet engine including a divergent trailing edge on the wall that 
generates conditions of a separation of the primary jet close to an existence limit value and a 
primary jet controller that enables control of passage of the primary jet from a separated state to a 
reattached state, and vice versa. 
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Brief Description of the Drawings 

[0009] Better comprehension of the invention will be obtained from the description 

presented below for purely explanatory reasons of different modes of implementation of the 
invention with reference to the attached figures: 

Fig. 1 is a partial sectional view of a nozzle equipped with the device according aspects of 
to the invention arranged on the internal wall of the nozzle upstream of the trailing edge; 

Fig. 2 is a partial sectional view of a nozzle equipped with a variant of the device 
constituted by electrodes arranged according to a first configuration; 

Fig. 3 is a partial sectional view of a nozzle equipped with a variant of the device 
constituted by electrodes arranged according to a second configuration; 

Fig, 4 is a schematic view of the flow of the primary jet when the control means of the 
separation of the primary jet are not activated (case of passage from a separated state to a 
reattached state); 

Fig. 5 is a schematic view of the flow of the primary jet when the control means of the 
separation of the primary jet are activated (case of passage from a separated state to a reattached 
state); 

Fig. 6 is a perspective view of a nozzle equipped with the device according to the 
invention; 

Fig. 7 is a perspective view of a nozzle equipped with a variant of the device according to 
the invention; 

Fig. 8 illustrates the use of a nozzle cut in a zigzag manner; 

Fig. 9 is a partial sectional view of a thin-walled nozzle presenting a single-surface 
separation control; and 
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Fig. 10 is a partial sectional view of the nozzle of Fig. 9, having a dual-surface separation 
control. 

Detailed Description 

[0010] It will be appreciated that the following description is intended to refer to specific 

embodiments of the invention selected for illustration in the drawings and is not intended to 
define or limit the invention, other than in the appended claim. 

[001 1] This invention is remarkable in its broadest sense in that the wall of the nozzle has 

a divergent trailing edge to generate conditions of a separation of the primary jet close to an 
existence limit value and in that the device comprises means for controlling the separation of the 
primary jet, which make it possible to control the passage of the primary jet fi-om a separation 
state to a reattachment state, and vice versa. < 
[0012] Controlling the separation of the primary jet is preferably periodic and, in a 

preferred embodiment, has a frequency between about 50 Hz and about 10 KHz. Controlling the 
separation of the primary jet is advantageously performed at the level of the trailing edge, with 
the trailing edge having an angle between about 10 and about 30° with the wall of the nozzle to 
generate a slight separation of the primary jet. Thus, by creating a succession of moments in 
which the flow is separated and those in which the flow is reattached, there is created a notable 
excitation of the jets immediately at the level of the trailing edge, region of maximal efficiency 
for this type of flow. 

[0013] According to a first embodiment, the control means of the separation of the 

primary jet are constituted of at least one synthetic jet generated by the intermediary of a slit 
located in the wall of the nozzle and by a piezoelectric actuator positioned in a cavity located 
within the interior of the nozzle wall. 



4 



[0014] According to a second embodiment, the control means of the separation of the 

primary jet are constituted of at least one synthetic jet generated by a sUt located in the wall of 
the nozzle and by a pressure generator positioned in a cavity located within the interior of the 
nozzle wall. 

[0015] According to a third embodiment, the control means of the separation of the 

primary jet are constituted of at least one piezoelectric actuator arranged on the wall of the 
nozzle. 

[0016] According to another embodiment, the control means of the separation of the 

primary jet are constituted of at least two electrodes arranged on the wall of the nozzle to create 
an electric discharge of the corona type and, thereby, overcome the thermomechanical constraints 
linked to the nature of the flow. 

[0017] According to still another embodiment, the control means of the separation of the 

primary jet are constituted of at least one pressure generator arranged on the wall of the nozzle. 
[0018] The use of electric controls thus makes it possible to avoid excessive, weight of 

the jet engine. Another advantage is to be able to be associated with the onboard electronics and 
thereby to be able to control the control means of the separation of the primary jet, i.e., to activate 
or deactivate control of the separation of the primary jet or to adjust it according to the engine 
regime. 

[0019] In the case of the last three embodiments mentioned above, the control means are 

arranged on either all or a part of the circumference of the internal wall of the nozzle, or on all or 
a part of the circumference of the extemal wall of the nozzle, or on all or a part of the 
circumference of the internal and extemal wall of the nozzle. 

[0020] Controlling separation of the primary jet is advantageously performed in a manner 

to generate either a symmetrical flow or an antisymmetrical flow at the outlet of the jet engine. 
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In this manner, for a symmetrical flow, controlling the separation of the primary jet takes place 
on the totality of the outlet surface of the jet, thereby enabling a reduction in noise and infrared 
signature. For an antisymmetrical flow, controlling the separation of the primary jet takes place 
on only a part of the surface of the jet outlet, thereby enabling effects on the directivity of the jet 
and the vectorization of the efforts. 

[0021] The device according to the invention thus associates divergence of the trailing 

edge to create a natural separation of the primary jet exiting the nozzle and the means for the 
controlling of the separation of the primary jet. 

[0022] In this configuration of the invention, the walls of the nozzle are relatively thick. 

The wall is advantageously configured to have an upstream convergence of the trailing edge to 
adapt the device to thin walls. 

[0023] Turning now to the drawings, the invention pertains to a device for controlling 

mixing of propulsive jets (8, 9) at the outlet of an aircraft jet engine, the propulsive jets (8, 9) 
being composed of a hot primary jet (8) exiting from a nozzle (1) of the jet engine and a 
secondary flux (9) flowing between the external wall (2a) of the nozzle (1) and the internal wall 
of the jet engine. 

[0024] The wall (2) of the nozzle (1) equipped with the device according to the invention, 

illustrated in Fig. 1, is constituted at its outlet with a trailing edge (3), which has an angle with 
the wall (2) of the nozzle (1) between about 10 and about 30° to generate a separation of the 
primary jet (8). Control means (4) of the separation of the primary jet (8), which are intended to 
control the passage of the primary jet (8) from a separated state to a reattached state, and vice 
versa, are arranged on the internal wall (2b) of said nozzle (1) at the level of the trailing edge (3) 
and, more particularly, upstream of the trailing edge (3). 
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[0025] According to a first embodiment, the control means (4) of the separation of the 

primary jet (8) is constituted of at least one piezoelectric actuator arranged on the internal wall 
(2b) of the nozzle (1). According to a second embodiment, the control means (4) of the 
separation of the primary jet (8) is constituted of at least one pressure generator arranged on the 
internal wall (2b) of the nozzle (1). According to a third embodiment, the control means (4) of 
the separation of the primary jet (8) is constituted of at least two electrodes (5) arranged on the 
internal wall (2b) of the nozzle (1) to create an electric discharge of the corona type. 
[0026] According to another configuration of the invention (not shown), the control 

means (4) of the separation of the primary jet (8) (piezoelectric actuator, pressure generator or 
electrodes) can also be arranged on the traiUng edge (3). 

[0027] According to another configuration, illustrated in Fig. 2, the control means (4) of 

the separation of the primary jet constituted by electrodes (5) can be arranged in the vicinity of 
the trailing edge (3) such that the positive electrode is positioned upstream of said trailing edge 
(3) and the negative electrode on the trailing edge (3), spaced apart from each other by about 1 to 
about 2 cm. Similarly, the negative electrode can be arranged at a distance corresponding to 
about one tenth of the diameter of the wall (2) of the nozzle (1) from the end of the traihng edge 
(3) corresponding to the outlet of the nozzle (1). The electrodes arranged in this manner make it 
possible to control the passage of the primary jet (8) from a separated state to a reattached state. 
[0028] Conversely, as illustrated in Fig. 3, the electrodes (8) can be arranged in the 

vicinity of the trailing edge (3) such that the negative electrode is placed upstream of the trailing 
edge (3) and the positive electrode on the trailing edge (3), spaced apart from each other by about 
1 to about 2 cm. Similarly, the positive electrode can be placed at a distance corresponding to 
about one tenth of the diameter of the wall (2) of the nozzle (1) from the end of the trailing edge 
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(3) corresponding to the outlet of the nozzle (1). The electrodes arranged in this manner can 
enable control of the passage of the primary jet (8) from an attached state to a separated state. 
[0029] Figs, 2 and 3 illustrate the placement, respectively, of the positive electrode and 

the negative electrode immediately upstream of the trailing edge (3). However, it is understood 
that any other positioning can be envisaged and, in particular, immediately downstream of the 
trailing edge (3). 

[0030] Fig. 4 illustrates a schematic view of the flow of the primary jet (8) at the level of 

the trailing edge (3) of the nozzle (1) when the control means (4) of the separation of the primary 
jet (8) is not activated. 

[0031] Fig. 5 illustrates a schematic view of the flow of the primary jet (8) at the level of 

the trailing edge (3) of the nozzle (1) when the control means (4) of the separation of the primary 
jet (8) is activated. 

[0032] There is thus performed an excitation of the jets at the level of said trailing edge 

(3) upstream as illustrated in Figs. 4 and 5, or on the trailing edge (3) (not shown) by alternating 
the moments in which the flow is separated and the moments when the flow is reattached, by 
periodic controlling of the separation of the primary jet (8). In a preferred mode of 
implementation, the separation control presents a frequency between about 50 Hz and aboutlO 
KHz. 

[0033] Li another example (not shown), the control means (4) of the separation of the 

primary jet (8) can be constituted of at least one synthetic jet. The synthetic jet is then generated 
by the intermediary of a slit located in the wall (2) of the nozzle (1) as well as by a piezoelectric 
actuator or a pressure generator, which can be positioned in a cavity located in the interior of the 
wall (2) of the nozzle (1). 
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[0034] The example illustrated by Figs. 4 and 6 pertains to passage of the primary jet (8) 

from a separated state to a reattached state, the separation of the primary jet (8) being generated 
naturally by the divergence of the wall (2) of the nozzle (1). Fig. 4 illustrates the control means 
(4) inactivated and Fig. 5 shows the control means (4) activated. 

[0035] We will now turn to the case in which the primary jet (8) passes from an attached 

state to a separated state. Opposite to the preceding case, the control means (4) is activated to 
artificially separate the primary jet (8) close to the separation (Fig. 4) and inactivated to allow 
reattachment of the primary jet (8) on the wall (2) of the nozzle (1) (Fig. 5). 
[0036] Fig. 6 illustrates a perspective view of a nozzle (1) equipped with a device 

according to aspects of the invention. The control means (4) of the separation of the primary jet 
(8) is arranged on the assembly of the intemal wall (2b) of the nozzle (1). The control means (4) 
of the separation of the primary jet (8) can also be arranged on the intemal wall (2b) and on the 
extemal wall (2a) of the nozzle (1) as illustrated in Fig. 7. 

[0037] In another embodiment (not shown), the control means (4) of the separation of the 

primary jet can be arranged solely on the extemal wall (2a) of the nozzle. Thus, the reduction of 
the noise and the infrared signature can be achieved by controlling the separation of the primary 
jet (8) on the totality of the outlet surface of the primary jet (8). To have an effect on the 
directivity of the jet or the vectorization of the efforts, the control means (4) of the separation of 
the primary jet (8) can be actuated on only one sector of the outlet surface of the primary jet (8). 
[0038] Fig. 8 illustrates application of the device according to aspects of the invention on 

a nozzle cut in a zigzag manner. The control means (4), the same as those described in Figs. 1 
and 2, are arranged on the intemal wall (2b) of the nozzle (1) close to each of the protrusions (7) 
forming the teeth (6) of the nozzle (1), and on the extemal wall (2a) of the nozzle (1) in the 
vicinity of each of the protrusions (7) forming the teeth (6) of the nozzle (1). 



9 



[0039] Fig. 9 illustrates a partial sectional view of a thin-wall nozzle having a single- 

surface separation control. The internal wall (2b) of the nozzle (1) has a convergent part (10) and 
a divergent terminal part (11) to form a swelling at the outlet of said nozzle (1). The divergent 
part (11) constitutes the trailing edge (3). In this configuration, the control means (4) of the 
primary jet (8) is arranged on the divergent part (1 1) of the internal wall (2b) of the nozzle (1). 
[0040] Fig. 10 illustrates the thin- wall nozzle (1) of Fig. 9, the nozzle (1) being equipped 

with a dual-surface separation control. The internal wall (2b) and the external wall (2a) of the 
nozzle (1) have, respectively, in a symmetric maimer a convergent part (10) and a divergent part 
(11). Thus, the divergent part (11) of the intemal wall (2b) creates a natural separation of the 
primary jet (8) and the divergent part (10) of the eternal wall (2a) creates a natural separation of 
the secondary flux (9). 

[0041] Reattachment of the primary jet (8) and the secondary flux (9) is implemented by 

the control means (4) arranged respectively on the divergent parts (11) of the intemal wall (2b) 
and the external wall (2a) of said nozzle (1). 

[0042] The invention was described above as an example. It is understood that one 

skilled in the art would be capable of implementing different variants of the invention without 
going beyond the framework of the patent. 
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